I. Four methods of vitamin E and selenium supplementation were evaluated using thirty-nine pregnant ewe-lambs fed on a ration containing 0,043 mg Se/kg and 25 mg vitamin E/kg. Treatments were control, fortified mineral mix (ESe salt) (300 mg vitamin E, 3 mg Se), ruminal Se pellets (505 mg Se), drench (300 mg vitamin E, 3 mg Se) and intramuscular injection (600 mg vitamin E, 3 mg Se). Only ewes were supplemented, commencing approximately 50 d before parturition.
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efficacy due to the formation of calcium phosphate deposits and the loss of pellets from the rumen (Andrews et al. 1974 ). Blood enzyme determinations and tocopherol and Se assays are used in the diagnosis of vitamin E and Se deficiency diseases (Ammerman & Miller, 1975) . Glutathione peroxidase (EC I . I I . I .9; GSH-Px) is a seleno-enzyme found in ovine blood and the activity of this enzyme may be the most sensitive measure of the Se status of animals (Godwin, Fuss & Kuchel, I 975) .
The object of this study was to evaluate the efficacy of four methods of vitamin E and Se supplementation using laboratory techniques and growth rate information.
E X P E R I M E N T A L
Animals and rations
Fifty-two Suffolk ewe-lambs (mean body-weight 58 kg), which had been fed on a dystrophyproducing hay for 6 months, were assigned to the experiment after mating to a Suffolk ram, and allocated to five groups. There were twelve ewes in the control group and ten ewes in each of the four treatment groups. Of these, only the thirty-nine ewes found to be pregnant were used in this study (see Table 3 ). The sheep were held in open pens (10 x 10 m) provided with a roofed area (4 x 4 m) and had access to fresh water. All animals were dosed with the anthelmintic thiabendazole (Thibenzole; Merck & Co., Rahway, New York, USA) at the rate of roo mg/kg I and 3 weeks after breeding, to protect them from the effects of infection by internal parasites.
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Chopped lucerne (Medicago sativa) hay from the Vaal Hartz area, which is known to be deficient in Se, was fed at the rate of 2.0 kg/head per d. Overt clinical signs of NMD were diagnosed in ymonth-old lambs maintained on lucerne hay from the same area in a concurrent trial (Horton, Owen, Horak & Schroder, 1977) . In addition, 0.5 kg lucerne-maize (I : I) pellets/d were given during the last 4 weeks of the gestation period, after which the daily allowance was increased to 0.7 kg/head. A mineral mixture was available in feed boxes elevated to prevent consumption by the lambs. Sufficient mixture to allow an average daily intake of 20 g/animal was placed in the feed boxes every 14 d. The composition of the lucerne hay, lucerne-maize pellets and mineral mixture is described in Table I . Ewes and lambs were weighed once each week on a standard time schedule and body-weight changes were caIculated from the regression of body-weight v. time.
Vitamin E-Se preparations
Vitamin E and Se concentrations in the four treatment preparations as well as the times of administration are described in Metal grinders of threaded mild steel and weighing 10 g were used together with the ruminal pellets (Permasel Se pellets for sheep ; Tasman Vaccine Laboratory (Australia) Pty Ltd, Dandenong, Australia). The action of a metal grinder on the Se pellet in the reticulum has been shown to prevent the formation of phosphate deposits on the surface of the remedial pellet and to increase the release of Se (Lee & Kuchel, 1969) . The weights of the Se pellets ranged from 9.61 to 10.37 g (mean 10.10 g) and were stated to contain (mg/g): 50 elemental Se, 950 iron powder. The drench consisted of an aqueous solution of vitamin E (Rovimix E Type 20 W) and Se (as Na,SeO,.gH,O). Intramuscular injections (Injacom E-SE; F. Hoffman-La Roche & Co.) were administered bilaterally to the musculus semitendinosus and musculus semimembranosus. Injacom E-SE is stated to contain roo mg vitamin E and 0.5 mg Se/ml.
Analytical methods
Proximate components in the foodstuffs were analysed by standard procedures (Association of Official Agricultural Chemists, 1970). Venous blood samples were withdrawn from the jugular vein using vacuum tubes (Venoject ; Comopharm, Elkton, Maryland, USA). Haemoglobin (Hb) concentration was determined using a haemoglobinometer (Coulter Electronics, Hialeah, Florida, USA). Erythrocyte count, mean corpuscular volume (MCV) and total leucocyte count were measured using a Coulter Counter (Model FN; Coulter Electronics). GSH-Px activity was determined by the method of Giinzler, Kremers & Flohe (1974) Only results for the lambs and ewes with lambs are presented. The numbers of animals in each group are given in Table 3 . Analysis of variance and mean comparisons by Scheffk's test were carried out according to methods described by Snedecor & Cochran (1967) .
RESULTS A N D DISCUSSION
Analysis of the feedstuffs revealed that the lucerne and lucerne-maize pellets fed to the ewes contained 0.039 and 0.061 mg Se/kg, and 26.8 and 17.6 mg vitamin E/kg respectively ( Table I) . A ration of 2 kg lucerne and 0.5 kg lucerne-maize pellets, therefore, would contain 0.043 mg Se/kg and 25 mg vitamin E/kg. The Se concentration in the ration was less than the minimum dietary level of 0.1 mg/kg necessary for the prevention of NMD according to Allaway & Hodgson (1964) but higher than the critical level of 0.025 mg/kg given by Lindberg & Lannek (1970) . This marginal level of Se probably explains the significant growth response in lambs from supplemented ewes in the absence of overt signs of NMD in the non-supplemented group.
Mean birth-weights were similar for all treatments and averaged 4.7 kg ( Table 3) . Average daily gains to 56 d of age were significantly lower for control lambs than for treated lambs (P c 0.05). Differences between the daily gains of treated groups were reduced considerably when only single lambs were considered, and for supplemented groups single lamb gains were on average approximately 34% higher than those for control lambs.
Oldfield, Schubert & Muth (1963) reported that NMD did not occur in lambs from ewes whose blood contained more than 0.06 ,ug Se/g. Mean Se concentrations were above this level even in the control group (Table 4) which is consistent with the absence of clinical cases of NMD during the trial. Se concentrations in whole blood from lambs resembled those in ewes (Table 4) , and with the exception of ESe salt, these values followed similar trends during the postparturition sampling period (Fig. I) . These results therefore indicate that a good maternal transfer of Se occurred in the drench and injection groups.
Blood Se concentrations in both lambs and ewes from the ESe-salt group were only approximately 17"/0 higher than control values, which is not consistent with the two-to Andrews et al. (1974) using almost identical pellets. This discrepancy, however, may have been due to differences in both the type of animal used, and the nature of the diet. Growing and mature sheep, grazing non-legume pastures in the previous study, contrast with the lactating ewes and their lambs fed on a lucerne-based diet in the present work. It is therefore quite possible that high food intakes by lactating ewes may have been associated with a higher rate of pellet rejection, and that Ca, (PO,), coatings may have formed more readily on the Se pellets in the present investigation. Blood Se concentrations in both ewes and lambs were doubled after drenching and trebled after intramuscular injections. On the premise that blood Se concentrations represent the level of available dietary Se (Perry, Beeson, Smith & Mohler, 1976), these results indicate that although drenching was highly effective, there was a greater loss of Se when administered orally rather than parenterally. Lower retentions of Se given orally may have been due to transformation of Se to unavailable forms in the gastrointestinal tract (Cousins & Cairney, 1961) .
Although vitamin E supplementation increased plasma tocopherol concentrations in both dams and their lambs with the exception of drench lambs (Table 4) , amounts in all but the injected group were below the critical level of approximately 0.81 mg/l blood required to prevent the occurrence of NMD in lambs (Culik, Bacigalupo, Thorp, Luecke & Nelson, Values significantly different from control group: * P < 0.05, ** P < 0.01, *** P < o a n . (Fig. 2) . Hidiroglou et al. (1972) found no improvement in tocopherol concentrations of lambs at birth after implantation of tocopherol pellets in the parent ewes at mid-pregnancy, though levels did increase fourfold 14 and 28 d later, only to decrease thereafter.
Normal values for Hb concentration, erythrocyte count, packed cell volume and MCV (Table 5 ) indicated that there was no interference in erythropoiesis or normal erythrocyte destruction in any of the ewes. Increased Hb concentrations (P < O~OI), erythrocyte counts (P < o.001) and packed cell volume in control lambs are similar to those reported by Buchanan-Smith, Nelson, Osburn, Wells & Tillman (1969) with lambs fed on a low-Se diet, and could be due to an abnormal haemopoeisis in the bone-marrow and a shortened erythrocyte life-span (Tucker, 1974) . Leucocyte counts for control ewes were approximately 50"/0 higher than for treated ewes. Values for lambs followed a similar trend. The mild leucocytosis is indicative of tissue necrosis on the low-Se ration, though it is surprising that and Table 2 . Hb, haemoglobin. One unit of activity is defined as the amount catalysing the transformation of I pmol substrate/min at 25" (International Union of Biochemistry, 1965).
Period after parturition (d)
Age ( 4 the differences reached significance (P < 0.001) in the instance of the ewes rather than the lambs.
Although LDH values of ewes did not follow a definite pattern (Fig. 3) , mean values were significantly (P < 0.01) lower in lambs from ewes that received either the drench or the injection ( Table 6 ). Similar findings have been reported for ewes (Tollersrud & Ribe, 1967) and for lambs with experimental MMD (Paulson et al. 1968; Tollersrud & Ribe, 1967) . Similar CPK activities were observed in plasma from ewes in the five treatment groups. CPK levels in control lambs increased tenfold by day 28 compared with those from drenched or injected ewes which remained at normal levels throughout the 56 d preweaning period. Increased CPK activity has also been reported by Boyd, Leyland & Baker (1975) in dystrophic lambs.
AAT activity followed a similar pattern to CPK, which is not surprising since they are (Fig. 3) . Hopkins, Pope, Baumann & Kowalczyk (1966) found that whereas Se only alleviated the dystrophy temporarily, vitamin E was required for a complete cure, and that AAT activity increased in lambs supplemented with Se alone. While low enzyme activities in lambs from ewes receiving either the drench or the injection (vitamin E plus Se), and increased levels in lambs from control ewes and ewes with ruminal pellets (Se only) support these findings, values for lambs given ESe salt do not. The ESe salt mix was fortified with both Se and vitamin E, and this was reflected in increased tocopherol levels in the plasma from lambs. However, mean Se levels in the blood from these lambs (mean 0.090 ,ug/g) were significantly lower (P < 0.001) than those in either the drench (mean 0.176 ,ug/g) or injected group (mean 0.207 pg/g). This evidence therefore suggests that vitamin E supplementation alone may not be sufficient, and that adequate levels of Se in the blood are also required for normal plasma AAT activity.
GSH-Px activity was increased in both ewes and lambs after Se supplementation and was highly related to blood Se levels (r 0.64). The relative activities were ranked the same for both ewes and lambs and followed almost identical patterns during the first 56 d period (Fig. 3) . Respective GSH-Px activities were 2.3 and 2.8 times higher for drench and injection groups than for control animals. Responses following the other two treatments were smaller with GSH-Px activities approximately 1.4 times higher than control values. Ammerman & Miller (1975) have stated that since GSH-Px activity is a function of available Se, the activity of this enzyme may be a more reliable indicator of Se adequacy than is Se content of tissue. The magnitude of GSH-Px activities observed in both ewes and their lambs therefore indicates that the Se administered by intramuscular injection was highly available. Se in the drench was also readily available but that in the ruminal pellets and the ESe salt was utilized less efficiently.
On the basis of these studies, the efficacy of the four treatments investigated may be ranked in decreasing order as follows: ( I ) intramuscular injection of Se and vitamin E, (2) oral drench of Se and vitamin E, (3) ESe salt, (4) ruminal Se pellet.
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